This is a prospective controlled randomized trial conducted in 92 women with singleton pregnancies in preterm labor. The tocolytic efficacy and safety of combination atosiban and nifedipine was compared with that of the single agent, atosiban. Both lines of intervention was administered for 48 hours. Progression of labor was assessed by the frequency of uterine contractions and cervical changes. For statistical purpose, intent-to-treat (ITT) analysis was used throughout. Efficacy, as determined by the proportion of women in each group who did not deliver after therapy initiation, was comparable with no significant differences, at 48 hrs (91.5% vs 91.1%) and at 7 days (90.7% vs 85.7%) for the atosiban and the combination groups respectively. Safety was assessed by the numbers of adverse events. Maternal side effects were reported more in the combination group (34% vs 64%; P = 0.006). Perinatal outcomes were similar between the groups. We conclude that the addition of nifedipine did not substantially improve the clinical outcomes beyond that were achieved with atosiban alone. Moreover, it has increased maternal side effects. Future research could focus on combination of other tocolytics.
INTRODUCTION
Preterm birth, defined as birth at less than 37 + 0 weeks of gestation, accounts for 5% to 11% of births in the world [1] . But, it represents the single largest cause of mortality and morbidity for newborns and a major cause of morbidity for pregnant women [2] . A multi-level modeling of hospital service utilization of preterm birth has outlined the huge economic consequences in the first 10 years of life [3] . Neonatal mortality has declined, mostly due to improved management of the very low birth weight babies rather than prevention of preterm labor (PTL).
The most common treatment for PTL involves pharmacological inhibition of preterm uterine contractions. The choice of tocolytic agent depends on its ability to delay the delivery by at least 48 hours and preferably longer from the time of administration of steroids without maternal or fetal side effects [4] . There is considerable variation in the type of tocolytic agent used. Single agent tocolysis using ritodrine (β-agonist), atosiban (oxytocin antagonist) or nifedipine (calcium channel blocker) is a common practice. Meta analysis from Cochrane systematic review failed to demonstrate the superiority of atosiban over betamimetics or placebo in terms of tocolytic efficacy or infant outcomes, but, the maternal drug reactions were fewer with atosiban [5] . Nifedipine is the only agent associated with improved perinatal outcomes and fewer maternal side-effects than betamimetics [6] . Atosiban and nifedipine have been shown to have equal efficacy, however maternal side-effects were more pronounced with nifedipine [7, 8] .
Due to the differences in their pharmacokinetics and pharmacodynamics, one might expect to have improved tocolysis when two agents are combined. In vitro studies have demonstrated that simultaneous blockade of these different pathways could result in an additive or even synergistic effect capable of producing better uterine relaxation than induced by each drug alone [9, 10] . Accordingly, the use of multiple agent therapy has been suggested as a way forward in tocolytic research [9, 11] . In an observational study, combination therapy without serious side effects has been used in the management of PTL at early gestational ages [12] . However, this was not tested in any structured human trials.
The objective of this study was to compare the tocolytic efficacy and safety of the combination of atosiban and nifedipine against the single agent, atosiban in PTL.
MATERIALS & METHODS
This was a prospective randomized controlled clinical trial conducted at Tawam Hospital, Al Ain, United Arab Emirates (UAE), over a period of 3 years from April 2007-September 2010. The study protocols were approved by Al Ain Medical District Human Research Ethics Committee (Protocol Number of 06/95) and were conducted in accordance with good clinical practice and the Declaration of Helsinki. An informed consent was obtained from each patient prior to being enrolled into the study.
The inclusion criteria were; 1) singleton pregnancies with intact membranes, 2) gestational age of 24 -34 completed weeks, 3) clinical diagnosis of PTL {regular uterine contractions > 4 per 30 minutes, each lasting for 30 seconds and cervical dilatation of 0 -3 cm (nullipara) or 1 -3 cm (multipara) with cervical effacement of > 50%} [13] and 4) ≥18 yrs of age. The exclusion criteria were the presence of indication for delivery, ruptured membranes, multiple pregnancy, fetal distress, suspected chorioamnionitis, prior tocolytic therapy and patients refusal. Patients with gestational diabetes controlled on diet were included. Insulin-dependent diabetics and women with other chronic medical problems such as hypertension were all excluded.
Medical evaluation including thorough history, physical examination and pertinent investigations were performed. All women being less than 34 weeks of gestation received steroids as per our unit policy. Antibiotics were given only when clinically indicated. During the patient's evaluation, intravenous hydration with normal saline at a rate of 120 ml/hr. after an initial bolus dose of 200 ml was administered.
Randomization
A box containing 100 folded slips divided equally for single and combination therapy was maintained in our labor ward. Slips were picked blindly by the recruiting physician, patients were categorized into: group A (allocated to atosiban alone) and group B (simultaneous administration of atosiban and nifedipine). Atosiban was given as a bolus (6.7 mg IV) over 1 min then an infusion of 18 mg/hr for 3 hrs followed by 6 mg/hr for 48 hours [14] . Nifedipine was given in the dose of 10 mg orally every 15 min till uterine quiescence (<4 contractions/hr) was achieved. Maximum dose was 40 mg in the first hour followed by maintenance dose of 10 mg every 6 hrs for 48 hrs [15, 16] .
The frequency of uterine contractions was monitored using external tocography until uterine quiescence (<4 contractions/hr) and subsequently every 4 hours till the completion of the therapy. Maternal and fetal monitoring was undertaken by regular assessment of maternal symptoms, vital signs and continuous cardiotocography.
Rescue tocolysis with salbutamol could be given if treatment with the study drug failed, due to either progression of labor or drug discontinuation because of side effects, as judged by the treating physician. Progression of PTL was assumed when any two of the following three criteria were met: a contraction rate of ≥4/h, an increase in cervical dilatation of ≥1 cm or an increase in cervical effacement ≥25% from the initial assessment [17] .
The primary outcomes in this study were efficacy and safety of the tocolysis. Tocolytic efficacy was assessed in terms of the proportion of women undelivered at 48 hours and seven days of initiation of therapy without the need for rescue tocolysis. Tocolytic effectiveness was assessed as total number of women undelivered during the same period even if rescue tocolysis was used.
Safety was assessed by maternal, fetal and neonatal adverse events. Particular emphasis was placed on serious maternal adverse outcomes such as cardiac arrest, respiratory arrest, admission to intensive care unit and death [11] . Maternal and fetal tachycardia was defined as a heart rate exceeding 120 and 170 beats per minute respectively. Perinatal complications were recorded by neonatal morbidity and mortality until discharge from the hospital.
Secondary outcome measures were: mean gestational age at delivery, mean infant birth weight, admission and length of stay at neonatal intensive care unit (NICU).
The primary and secondary outcomes were chosen based on The Canadian PTL Investigators Group [18] .
Statistical Analysis
All statistical analyses were performed using SPSS version 19.
Standard statistical methods for comparing continuous and dichotomous outcomes between groups such as Fisher's exact test (2-sided) for 2 × 2 tables, trend test for cross-tabulations with ordinal categories, the MantelHaenszel (M-H) pooled Odds-Ratio and significance test for stratified analyses, the Mann-Whitney U test for continuous measurements, and the log-rank test to compare Kaplan-Meier survival curves were used. Intent-totreat (ITT) analysis was used throughout. Power calculation was not performed in this study and we depended on 95% confidence interval.
RESULTS
ficantly higher in the combination group (Table 4) . These side effects were transient and the vast majority of patients completed the treatment as per protocol. However, two patients in combination group could not tolerate the side effects after the first hour of nifedipine administration necessitating its discontinuation and they completed atosiban alone. However, their outcomes were included in our ITT analysis. No such intolerability was encountered in the single agent arm. No significant fetal heart rate changes occurred in both arms. The neonatal events were comparable with no significant difference ( Table 5) .
A total of 92 women were recruited and randomized to receive either the control, atosiban (group A = 47) or the combination tocolysis, atosiban and nifedipine (group B = 45). The study profile is shown in Figure 1 .
The baseline characteristics of the two groups were comparable, with no significant differences ( Table 1) .
Primary Outcomes
Rescue tocolysis was not used as labor progressed quickly in those patients for whom the study drug failed. Hence, the tocolytic effectiveness was the same as tocolytic efficacy.
Secondary Outcomes
In terms of tocolytic efficacy, there were no statistically significant differences between the two groups ( Table 2) . Also, further analysis after sub grouping into different gestational ages showed no statistically significant differences (Table 3) . However, the combination group achieved uterine quiescence faster than single agent group, and the difference was significant ( Table 2 ).
The time to delivery was similar between the atosiban (median, 42 days; range, 0.7 -84 days) and the combination groups (median, 49.7 days; range, 0.7 -109.2 days). This is reflected in the Kaplan-Meier survival curves showing the relationship between delivery rate and the time to delivery (Figure 2 ).
There were no statistically significant differences between the two groups regarding the mode of delivery and other secondary outcomes ( Table 5) .
No serious side effects were encountered in either group. However, minor cardiovascular adverse events and development of multiple side effects were signi- 
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DISCUSSION
The incidence of preterm birth has been increasing despite the intense research for prevention [19] . The overall treatment goal of acute tocolysis is to minimize the fetomaternal adverse effects, thus improving long-term family outcomes [20] .
Evidence has shown that all current tocolytic agents are superior to no treatment at delaying delivery at both 48 hours and 7 days [21] . However, there was no major impact on perinatal outcomes with acute as well as maintenance tocolysis [22, 23] . This study explores the clinical utility of combining two tocolytic agents for the treatment of PTL. To our knowledge, this is the first randomized trial conducted in humans comparing the effects of a fixed combination against single tocolytic therapy.
The reasons to choose these two drugs are: their low side effect profile among the available tocolytics [15, 24] and our personal experience with atosiban as it has been our standard tocolytic agent since 2003. Their standard dosage was maintained [14, 15] as this combination has been shown to have additive effect in animal studies i.e. the observed inhibition of activity was the same as the expected percentage inhibition in an additive pharmacological model [9] . Tocolytic efficacy was measured as the proportion of women who were not delivered and who did not require alternative tocolytic therapy. This end-point is a composite outcome of delay of preterm delivery and drug tolerability. The choice of 48 hrs and 7 days was made mainly because of the time it takes for corticosteroids to have an effect on the fetal lungs [13] . In our study, high proportion of women succeeded to continue with their pregnancy in this time frame following tocolysis ( Table  2) . However, despite our small sample size, it seems clear that efficacy was comparable between the groups and the addition of nifedipine did not substantially improve the outcome beyond that was achieved with atosiban alone. Efficacy remained comparable even after sub-grouping the patients according to the gestational age ( Table 3) .
The lack of additional benefits in the combination group might be explained by the fact that, the uterine smooth muscle has already achieved maximal suppression at the recommended dose of atosiban through maximal reduction of intracellular free calcium concentration, so that further reduction is not possible even with the addition of another agent. It has been recognized that although atosiban and nifedipine act at different receptors in the uterus, the ultimate suppression of contractions is achieved by reduction of intracellular concentration of free calcium for both agents [25] . Secondly, the etiologic heterogeneity of PTL adds complexity to the therapeutic approaches [25] . It is conceivable that these undetermined pathological pathways of PTL are difficult to be reversed. In vitro animal studies have shown that reduction in the integral contractile activity with tocolytic combinations occur faster than single agents [9, 10] . This effect was also seen in our study, as the uterine quiescence was achieved in significantly shorter duration by the combination group ( Table 2 ). This could be related to nifedipine as shown in previous studies [8] . This, however, did not translate into further improvement in tocolytic efficacy. Similarly, there were no significant differences in the time to delivery (Figure 2 ) or in any other secondary outcome measures ( Table 5) .
The safety of a drug is another factor that will determine the clinical utility. In this study, patients on atosiban alone had significantly fewer side effects compared to the combination group in whom the cardiovascular side effects were especially increased. Also, women in the combination group experienced more than one side effect, some as high as four ( Table 4) . We believe, these are mainly related to the addition of nifedipine in the combination arm [26] , atosiban on its own has a placebo like maternal-fetal side effect profile [24] .
In a prospective cohort study, combination tocolysis has been reported to cause severe adverse reactions as high as 2.5% [27] . However, other studies did not show such serious effects [12] . In these observational studies, multiple courses of different tocolytics were used in clinically critical cases. In our prospective study involving fixed tocolysis in a defined low risk obstetric population, serious side effects were not encountered and the tolerability to combination therapy was generally good. That is despite, two patients in the combination group developed significant hypotension and tachycardia in the first hour of therapy. We used the previously suggested regimen of maximum dose of 40 mg of nifedipine in the first hour [16] . Recent guidelines have recommended an initial oral dose of 20 mg followed by 10 -20 mg three to four times daily, adjusted according to uterine activity for up to 48 hours [28, 29] .
Experimental models have proven the synergistic effects of dual combinations involving mainly β (2)-agonists [9, 10] . However, as the adverse effects of β (2)-agonists are significant [30] , ethical implications need to be considered. In order to decrease the side effects without compromising the tocolytic effect magnitude, delayed rather than simultaneous administration of second tocolytic agent [11] and reduction of the drug dosages have been suggested [9] .
Some limitations have to be taken into consideration while analyzing the results of the present study. First, our trial was not blinded. Hence, differential adverse effect profile of two agents could have contributed to potential investigator bias. To minimize this, whenever possible, interpretations were done in an objective manner. For example, maternal symptom of tachycardia was objectively correlated with the heart rate. Second, the restricted availability of participants for the trial contributed to the study focusing on two arms only. The addition of a third arm of single agent nifedipine might have strengthened the study further even though it is recognized now that the tocolytic efficacy of atosiban and nifedipine is comparable and results can be extrapolated as similar [7, 8] .
CONCLUSION
This research has addressed the value of combining atosiban and nifedipine in the acute management of PTL. We conclude that the addition of nifedipine did not substantially improve the clinical benefits beyond that was achieved with atosiban alone and also, increases minor maternal side effects. Hence, it is not justified to use this combination in clinical practice despite their relatively safe side effect profile. Future research could focus on combination of other tocolytics utilizing differential time of administration and lower doses. 
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